Two chlorin derivatives, rhodochlorin dimethyl ester (7) and chlorin-e 6 trimethyl ester (8), were prepared from methyl pheophobide a (6) through basedegradation of the E ring and methylation of the carboxylic acids. Full assignments of the 1 H, 13 C and 15 N magnetic resonance spectra of compounds 7 and 8 were made by 2D NMR techniques ( 1 H-1 H COSY, 1 H-13 C HMQC, 1 H-13 C HMBC, 1 H-15 N HMBC).
Porphyrins have a long history of extensive research covering a very wide field of natural sciences [1] . Porphyrin derivatives present a number of applications, namely for development of new materials, catalytic oxidative processes, photodynamic therapy (PDT) and dye sensitized solar cells [2] [3] [4] [5] . Chlorins, one of the porphyrin derivatives, exhibit significantly great activities in PDT. In recent years, a number of so-called second generation photosensitizers related to chlorins have become commercial available, such as talaporfin sodium (1) , sodium chlorin e 6 (2), sodium chlorin p 6 (3) and temoporfin (4) ( Figure 1 ) [6] . Nuclear magnetic resonance spectroscopy is being applied to the study of chlorins, but thus far there have been only limited systematic assignments, especially of the signals of the quaternary carbons and N nucleus. As far as we know, only two chlorin derivatives, temoporfin (4) and bacteriochlorophyll c (5) , have been completely assigned so far [7, 8] .
As part of our ongoing research project, we attempted to prepare some derivatives of methyl pheophobide a (6) for further evaluation of their PDT activities. We prepared the key intermediates, rhodochlorin dimethyl ester (7) and chlorin-e 6 trimethyl ester (8), through base-degradation of the E ring and methylation of the carboxylic acids from methyl pheophobide a (6) (Scheme 1) [9]. Although the fine structures of 7 and 8 have been studied [10], the rigorous theoretical treatment of these data has not been attempted. The numerous resonances of quaternary carbons and significantly overlapped signals lead to difficulty with the full assignments. In this paper, we report the full assignment of the 1 H, 13 13 C signals at δ C 51.6 and δ C 51.9 were attributed to C-13b and C-17d, respectively. The 13 C signals at δ C 167.1 and δ C 173.9 were assigned to C-13a and C-17c based on the HMBC correlations between H-13b and δ C 167.1, H-17d and δ C 173.9 ( Figure 2 ).
Methyls:
Consideration of the long range deshielding effects (H-12a> H-2a> H-7a) [11] of the signals at δ H 3.82 s, δ H 3.47 s and δ H 3.32 s led to them being assigned to H-12a, H-2a and H-7a, respectively. The remaining two methyl signals at relatively high field δ H 1.73 (3H, t, J = 7.6 Hz) and δ H 1.88 (3H, d, J = 6.8 Hz) could be ascribed to H-8b and H-18a due to their different multiplicity. Then the 13 C signals at δ C 12.1, 11.3, 17.7, 13.7 and 23.4 could be assigned to C-2a, C-7a, C-8b, C-12a and C-18a, respectively, on the basis of the HMQC of compound 7.
Vinyl:
The three protons ABX system vinyl 1 H signals at δ H 8.09 (1H, dd, J = 18.0, 11.6 Hz), 6.15 (1H, d, J = 11.2 Hz), and 6.34 (1H, d, J = 18.0 Hz) could be assigned to H-3a and H-3b by comparison with methyl pheophobide a [12] . The 13 C signals at δ C 129.3 d and δ C 121.9 t were assigned to C-3a and C-3b, respectively, based on the 13 C NMR and DEPT spectra.
Methine bridge protons and carbons:
As previously suggested, the signals at δ H 8.74 s, 9.63 s, 9.77 s, and 9.80 s at extremely low fields must surely result from the methine bridge protons (H-5, H-10, H-15, H-20) [11] . The relatively higher field signal at δ H 8.74 s could be assigned to H-20 due to the weaker deshielding effect [11, 12] . The 1 H signals at δ H 9.63 s and δ H 9.80 s were assigned to H-5 and H-15, respectively, according to the correlations between H-20 and N , N (the 15 N signal of N located at significantly lower field than that of N ) [13] , δ H 9.63 s and N , δ H 9.80 s and N in the 1 H-15 N HMBC spectrum ( Figure 3 ), and the remaining signal at δ H 9.77 s should belong to H-10. Then the 13 C signals at δ C 98.8, 102.0, 96.2 and 92.9 were assigned to C-5, C-10, C-15 and C-20, respectively, due to the HMQC correlations. were assigned to C-8a, C-17a and C-17b, respectively, based on the HMQC correlations. Chlorin-e 6 trimethyl ester (8) The NMR spectra of chlorin-e 6 trimethyl ester (8) indicated the absent of one methine bridge proton signal and the presence of an additional methylene and methyl ester signal, compared with those of rhodochlorin dimethyl ester (7) . Unambiguously, the 1 H signals at δ H 5.23 and 5.34 (each 1H, ABq, J = 8.8 Hz) could be assigned to H-15a, and the correlated 13 C signal at δ C 38.5 belonged to C-15a in the HMQC spectrum. Consideration of the different deshielding effects (H-13b > H-15c > H-17d) allowed the 1 H signal of the ester methyl at δ H 3.76 s (in the middle location of the three) to be ascribed to H-15c, with the correlated 13 C signal at δ C 52.1 assigned to C-15c based on the HMQC correlations. According to the correlations between H-15c and δ C 173.0, H-15a and δ C 102.2 in the HMBC spectrum, the 13 C signals at δ C 173.0 and 102.1 were assigned to C-15b and C-15, respectively. The overall assignments of chlorin-e 6 trimethyl ester (8) were achieved by comparison with 7 and 2D NMR techniques.
In conclusion, the 1 H, 13 C and 15 N NMR spectra of rhodochlorin dimethyl ester (7) and chlorin-e 6 trimethyl ester (8) were completely assigned by 2D NMR techniques (Tables 1, 2 and 3) . Obviously, the 1 H-15 N HMBC spectra have shown the key role in the assignments of the chemical shifts of N nucleus and methine bridge protons of chlorin compounds. In addition, this research is also helpful for the structure elucidation of porphyrins.
Experimental
General methods: Melting points were determined on a Kofler block (uncorrected); UV-vis spectra were performed on a Shimadzu UV260 spectrometer; IR spectra were recorded on a Nicolet 200 SXV spectrometer; HRMS were obtained with a Bruker BioTOFQ mass spectrometer; 1 H and 13 C NMR spectra were acquired on a Varian INOVA-400/54 spectrometer, 1 H-15 N HMBC spectra were measured on a Bruker AVANCE-800 spectrometer, with TMS as internal standard; silica gel GF254 and H (Qingdao Sea Chemical Factory, China) were used for TLC and CC.
Preparation of compounds 7 and 8:
A mixture of compound 6 (1.0 g, 1.69 mmol), pyridine (5 mL) and a solution of 25% KOH in methanol (75 mL) was flushed with O 2 gas for 1.5 h and N 2 gas for an additional 20 min at 0°C. The reaction mixture was then refluxed for 40 min before pouring into ice water (200 mL). The mixture was acidified to pH 5-6. After filtration, the filtrate was evaporated under reduced pressure. The crude product was redissolved in dichloromethane and treated with diazomethane. The reaction was stirred for 10 min, and then, excess diazomethane was removed by bubbling Ar 2 gas. The reaction mixture was concentrated and chromatographed over silica gel H eluting with light petroleum/acetone (10:1) to give 7 (a black amorphous powder, 280 mg, 30%), and 8 (a black amorphous power, 200 mg, 20%).
